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The concept of critical period plasticity in rat visual cortex has been studied in terms of changes in the level 
of tilamentous actin and of the 200 kDa neurofilament polypeptide. Our results suggest hat the postnatal 
developmental profile of tilamentous actin is affected by visual experience, as a consequence of eye-opening. 
No such correlation, however, is detected for the 200 kDa neurotilament polypetide. The significance of 
these findings in relationship to neuronal plasticity is discussed in terms of changes in the state and equilibri- 
um conditions of the cytoskeletal proteins. 
Development Cytoskeleton Plasticity 
1. INTRODUCTION 
Restriction of visual experience during a certain 
critical period of early postnatal life in man [ 11, 
monkey [2] and rat [3] can affect normal func- 
tional development of visual cortical cells. Some of 
the molecular changes that occur in brain cells and 
which accompany such functional reorganisation 
may reside in the neuronal cytoskeleton 
(microfilaments, microtubules and neurofila- 
ments), where each cytoskeletal component may 
conceivably serve a different constructive role in 
the plasticity and stabilisation of neuronal connec- 
tions [4]. For example, the developmental profile 
of soluble tubulin concentration in rat visual cor- 
tex, unlike that in motor cortex, is affected by 
visual experience as a consequence of eye-opening. 
This sensitivity of soluble tubulin to visual ex- 
perience extends from eye-opening to around 
Abbreviations: PMSF, phenylmethylsulphonyl fluoride; 
PCMB, p-chloromercuribenzoic acid 
postnatal day 35 [5]. In contrast, during this so- 
called visual critical period, the concentration of 
soluble tubulin in the visual cortex of dark-reared 
rats is markedly depressed. On the other hand, the 
peak for soluble actin concentration in visual cor- 
tex occurs earlier than for tubulin, and is unaf- 
fected by visual deprivation [6]. 
Here we study the concept of critical period 
plasticity in rat visual cortex in terms of changes in 
the level of filamentous actin and of the 200 kDa 
neurofilament polypeptide, to determine if these 
changes are correlated with particular stages of 
visual cortical plasticity. 
2. MATERIALS AND METHODS 
Rats were reared under a normal 12 h light/dark 
cycle and in total darkness. At selected stages of 
postnatal development, they were killed and tissue 
samples were removed bilaterally from visual and 
motor cortex using a cork borer, and treated as 
follows: 
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2. I, ~uant~tatjve determination of actin 
The amount of actin in a Triton X-100 lysate 
was determined by DNase I inhibition assay [7,8]. 
The concentration of soluble actin and of total ac- 
tin was determined in the absence and presence of 
guanidine hydrochloride [7], respectively, with the 
difference in the two values representing the con- 
centration of insoluble actin. 
0.125 M Tris (pH 6.X), 5 mM EDTA, 1 mM 
PCMB and 1 mM PMSF. Equal quantities of total 
proteins were applied to a 9% polyacrylamide gel, 
according to Laemmli [9]. The proteins were blot- 
2.2. Estimation 
ted onto nitrocellulose, utilising the method of 
of 200 kDa neurofi~ament 
Towbin et al. [lo]. The nitrocellulose sheets were 
~oly~e~tide 
The tissue was homogenis~d in 5% SDS, 
stained with monoclonal antibody RT97 [ 111, and 
the staining was visualised using ‘251-labelled sheep 
anti-mouse immunoglobulin, followed by 
autoradiography [I 21. 
3. RESULTS 
As the DNase I inhibition assay has been widely 
used for measuring the actin filament content of 
many cell types [7,8,13,14], the terms soluble and 
insoluble actin are hereafter referred to as 
monomeric and filamentous actin, respectively. 
3.1. Actin concentration in light- and dark-reared 
rats 
The total concentration of monomeric actin in 
the visual cortex is at its m~imum at around 
postnatal day 3 (fig.la’). The concentration of 
filamentous actin in visual cortex is at its lowest 
level at this stage (fig.lb’). A similar pattern of ac- 
tin concentration is observed for dark-reared rats, 
except that in this instance, the level of filamentous 
actin at around 32 days is considerably reduced as 
compared to the level in normal light-reared rats 
(fig. lb’ ‘). On the other hand, no such difference 
is observed in motor cortex between light- and 
dark-reared rats (not shown). 
3.2. 200 kDa neurof~~ament p~ly~e~tide in aught- 
and dark-reared rats 
Fig.2a shows a Coomassie blue stained gel of a 
tissue sample taken from the visual cortex of light- 
112 
reared rats during postnatal age O-30 days, fol- 
lowed by the Triton X-100 insoluble fraction from 
an adult rat brain {TX). Fig.2b shows the immuno- 
blot of the same sample incubated with RT97 and 
radiolabelled with the secondary antibody. The 
binding of RT97 to the 200 kDa polypeptide in- 
creases teadily during development (fig.2b), a pat- 
tern which is reproduced for dark-reared rats (not 
shown). 
4. DISCUSSION 
Our studies on the developing brain of the black- 
hooded rat show that the relative abundance of 
some of the primary components of the neuronal 
cytoskeleton and their state of polymerisation 
change systematically with brain maturation. Fur- 
thermore, at a certain critical period of postnatal 
development, the state and composition of the 
cytoskeleton in certain brain regions is altered by 
nervous activity, and this is associated with a stage 
Previous work has shown that the developmen- 
of increased neuronal plasticity in those regions. 
tal profiles for soluble tubulin are different be- 
tween visual and motor cortex (fig.lc’ IS]). 
Moreover, for visual cortex the profile is affected 
by dark-rearing (fig. lc’ ‘). No such difference is 
evident between the corresponding profiles for 
monomeric actin in these brain regions [6]; both 
display a maximum at around postnatal day 3 
(fig.la’), and neither is affected by dark-rearing 
(fig. la’ ‘). In visual and motor cortex, the peak for 
monomeric actin seems to coincide with a time of 
accelerated endritic growth [15] and with the ap- 
pearance of growth cones and filopodia in cortical 
neurons [16]. During the subsequent stages of 
elongation and maturation of nerve processes, the 
concentration of actin monomer appears to be 
diluted out by tubulin and other proteins [6]. 
Actin monomer concentration in the developing 
brain is at its peak at around postnatal day 3, 
which is likely, at this time, to exceed the critical 
concentration needed for poIymerisation. Conse- 
quently, one would expect a large proportion of 
actin to be in filamentous form. Surprisingly, the 
amount of filamentous actin in the visual cortex of 
light-reared rats is remarkably low ar this early 
stage, but increases teadily to attain a maximum 
value at around postnatal day 32 (fig.lb’). The 
observation that less than 10% of total actin is 
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Fig. 1. Comparison of the changes in (a’) monomeric actin concentration, (b’) filamentous actin and (c’) soluble tubulin 
concentration in two functionally distinct regions of rat cortex. The effect of dark-rearing during visual cortex 
development on (a’ ‘) monomeric actin concentration, (b’ ‘) filamentous actin and (c’ ‘) soluble tubulin concentration. 
For (b’) and (b’ ‘) all standard errors are within f 5%, with not less than 4 determinations per point. EO, eye-opening; 
F, filamentous; [3H]COLCH-TUB, tritiated colchicine-tubulin [5]. 
polymerised at a time when the concentration of 
the monomer is at its maximum, suggests the ex- 
doubtedly play a regulatory role in preventing the 
istence of a mechanism which inhibits the process 
formation of actin filaments. Indeed, it is con- 
of actin filament formation. In this respect, certain 
ceivable that during early postnatal development, 
actin-binding proteins, such as profilin [7], with 
actin may exist in several physical forms [ 181, e.g. 
aggregates, short filaments, and that under the 
which monomeric actin forms a 1: 1 complex, or 
actin depolymerising proteins [17] could un- 
lysis conditions employed in our experiments, most 
of these revert to the monomeric form. However, 
113 
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Fig.2. A Coomassie blue stained gel (a) and an immunoblot with RT97 antibody (b) of a homogenate of rat visual 
cortex, 0, 5, 10, 14, 18, 24 and30 days after birth, followed by Triton X-lOO-insoluble material from an adult rat brain 
(TX) and SDS molecular mass markers (S). 
with increasing maturation the equilibrium is 
gradually shifted in favour of filamentous actin. 
In visually deprived animals there is a substan- 
tial reduction (approx. 30%) in the amount of 
filamentous actin present in visual cortex 
(fig.1 b’ ‘) and this compares with the reduction in 
soluble tubuiin observed in dark-reared animals 
(fig.1~“). It appears that changes in filamentous 
actin, as with soluble tubulin, may reflect the 
change in visual cortical plasticity that manifests 
itself during the critical period. No such correla- 
tion, between the pool of filamentous actin and 
visual experience, occurs in the motor cortex, 
where filamentous actin in both light- and dark- 
reared rats display similar profiles, with a max- 
imum at around postnatal day 1.5 (fig. 1 b’). This 
maximum occurs earlier than for visual cortex, but 
is consistent with the general view that visual cor- 
ticai development is delayed by comparison with 
other regions of cerebral cortex 1151. 
114 
The binding of RT97 to the 200 kDa neurofila- 
ment polypeptide in the visual cortex of light- 
reared (fig.2b) and dark-reared rats (not shown} 
increases steadily during development. No 
200 kDa polypeptide is detected prior to postnatal 
day 10. This result is consistent with that of Shaw 
and Weber [ 191, who found that during rat brain 
differentiation, the 200 kDa polypeptide is not ex- 
pressed until around postnatal day 5, whilst the 
68 kDa and 145 kDa polypeptides are already pre- 
sent in the prenatal brain. 
A similar binding pattern is observed for the 
motor cortex (not shown), except that here the 
200 kDa polypeptide appears to be expressed 
slightly earlier at around postnatal day 5. This 
observation provides further confirmation of the 
late maturation of the visual cortex. 
The findings reported here suggest that  change 
in state and equilibrium conditions of the overall 
actin component of visual cortical cells may be 
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associated with neuronal plasticity. This possibly 
reflects the physico-chemical nature of actin, and 
the fact that the equilibrium between the pools of 
monomer and assembled filaments may be subject 
to modulation by certain ‘regulatory’ proteins 
[20]. No such Iability seems to exist for 
neurofilaments, which exist essentially in the form 
of stable polymer [21]. The late appearance of the 
200 kDa polypeptide may, therefore, be a 
characteristic feature of the mature neuron 
[19,22], and may herald the termination of the 
plastic phase of neural growth. 
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